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[57] ABSTRACT 

A fluid heating system, which includes a set of lamps 
emitting infrared "or longer wavelength radiation. The 
fluid to be heated flows through chemically inert tubing 
while absorbing radiation from the lamps. The lamps 
are separated from the tubing, so that there is no signifi- 
cant risk that contaminants will enter the tubing during 
operation. In one class of preferred embodiments partic- 
ularly well suited for heating ultrapure water, the inert 
tubing is a quartz coil. Lamps are mounted inside the 
coil generally parallel to the coil axis. Reflective mate- 
rial is wrapped around the outer surface of the coil to 
reflect radiation that has passed through the coil back 
toward the coil axis. The quartz comprising the coil is 
selected to transmit the lamp radiation efficiently to the 
fluid within the coil. In one embodiment, the lamps are 
mounted between a pair of end plate assemblies. Un- 
heated process fluid flowing through chemically inert 
tubing which lines a spiral duct within each end plate 
assembly absorbs heat from the lamp ends, thereby 
preventing the lamps from overheating, before entering 
an inlet in the quartz coil. 

5 Claims, 11 Drawing Sheets 
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RADIATING LAMP FLUID HEATING SYSTEM 

FIELD OF THE INVENTION 

The invention is a fluid heating system employing a 5 
set of lamps emitting infrared or longer wavelength 
radiation, to heat fluid flowing within chemically inert 
tubing. The inert tubing is spaced from the lamps, to 
avoid contamination of the fluid during the heating 
process, so that the invention is particularly useful for 10 
heating ultrapure fluid, such as ultrapure water for use 
in semiconductor circuit manufacture. 

BACKGROUND OF THE INVENTION 

During conventional semiconductor circuit manufac- 15 
turing, hot ultrapure water is often employed to rinse 
the circuits being manufactured. It is impractical to 
purify the water after it has been heated. Accordingly, 
the water is first purified, and then heated just prior to 
use. Hot ultrapure water and other ultrapure fluids are 20 
employed for many other conventional, commercially 
useful purposes. 

One type of conventional water heating system (de- 
scribed, for example, in U.S. Pat. No. 1,807,951, issued 
to Ahern on June 2, 1931) includes an elongated cham- *5 
ber which has an annular cross-section. The chamber 
surrounds an elongated heating element which extends 
along the chamber's axis. The heating element heats 
water within the chamber while the water flows axially 
along the chamber from an inlet to an outlet 30 

However, this type of conventional heating system 
does not confine the water being heated within a chemi- 
cally inert container. Thus, this type of system may 
contaminate the water due to contact with the chamber 
itself, or in the event of failure of the chamber, with the 35 
heating element or other system components. For this 
reason, such conventional systems are unsuitable for 
heating ultrapure water (or other ultrapure fluid) to the 
high temperatures typically required for use in semicon- 
ductor circuit manufacturing, while maintaining the 40 
purity of the fluid being heated. 

Systems for heating ultrapure water have been pro- 
posed. For example, U.S. Pat. No. 4,461,347, issued to 
Layton, et al. on July 24, 1984, describes such a system, 
in which ultrapure water flows axially within an annu- 45 
lar volume between an outer tube and an inner coaxial 
tube. The coaxial tubes are composed of (or coated 
with) an inert, non-reactive material such as polytetra- 
fluoroethylene (known as "TEFLON" material). Heat 
is conducted from hot liquid within the inner tube (or an 50 
electrical heating element within the inner tube) to 
ultrapure water flowing axially within the annular vol- 
ume. Use of this type of heat exchange mechanism has 
a number of disadvantages, including the following. 

The heat exchange mechanism relies on heat conduc- 55 
tion between the inner tube (which may have an inert 
coating) and flowing ultrapure water. The ultrapure 
water is in direct contact with the inner tube (or its 
coating), so that there is a risk that the tube or its coat- 
ing will fail, thereby exposing the ultrapure water to 60 
contaminants. . 

Furthermore, inert heat source coatings (such TEF- 
LON) in direct contact with ultrapure water (as in the 
system of U.S. Pat No. 4,461,347) are suitable only for 
use within a limited temperature range. A TEFLON 65 
material coating, for example, will melt or burn if raised 
above a critical temperature (typically in the range from 
about 250 to about 300 degrees Celsius). Thus, conven- 
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tional heat exchange systems of the described type are 
unsuited for use with heat sources which would raise 
the heat source coating temperature above the critical 
temperature. 

Finally, the conductive heat transfer process em- 
ployed in conventional heat exchange systems of the 
described type is much less efficient than the radiative 
heat transfer technique employed in the present inven- 
tion. Conventional heat exchange systems are particu- 
larly inefficient in relation to preferred embodiments of 
the invention employing a quartz coil with infrared 
heating lamps which efficiently radiate wavelengths 
within the high transmissivity "window" of the quartz 
coil. 

Some conventional water heating systems of the heat 
exchange type heat a volume of liquid, and the heated 
liquid in turn conducts heat to ultrapure water flowing 
within adjacent chemically inert tubing (for example, 
PVDF plastic tubing). In addition to the above- 
described disadvantages and limitations of heat ex- 
changing systems in general, these systems have em- 
ployed chemically inert tubing with an undesirably 
large heat exchange surface area. Use of tubing with 
such a large surface area undesirably promotes contami- 
nation of the water flowing within the tubing due to 
bacterial growth and the like. 

Until the present invention, it had not been known 
how to design and operate a fluid heating system em- 
ploying radiating lamp heating elements in a manner 
eliminating the above-described disadvantages and limi- 
tations of conventional systems. 

SUMMARY OF THE INVENTION 

The invention is a fluid heating system which in- 
cludes a set of lamps emitting infrared (or longer wave- 
length) radiation. The fluid to be heated (the "process 
fluid") flows through chemically inert tubing while 
absorbing radiation from the lamps. The lamps are sepa- 
rated from the tubing, so that there is no significant risk 
that contaminants will enter the tubing during opera- 
tion. Even if the tubing develops a leak during opera- 
tion, positive fluid pressure within the tubing will force 
fluid out from the tubing at the leak site while maintain- 
ing the purity of the fluid remaining within the tubing. 

For convenience, throughout the specification (in- 
cluding the claims), the terms "radiation" and "lamps" 
will be used to denote infrared (or longer wavelength) 
radiation and lamps emitting infrared (or longer wave- 
length) radiation, respectively. The term "lamp" is used 
in a broad sense throughout the specification (including 
the claims), to include lamps which emit radiation hav- 
ing wavelength shorter than infrared and also infrared 
(or longer wavelength) radiation, as well as lamps 
which emit substantially only infrared (or longer wave- 
length) radiation. 

The phrase "chemically inert tubing" is used 
throughout the specification (including the claims), to 
denote tubing which will undergo no significant chemi- 
cal reactions with the process fluid flowing therein. 
Tubing may be identified herein as "chemically inert 
tubing" even if there exists a substance (other than a 
process fluid to be contained within the tubing) which 
reacts chemically with the tubing. 

In one class of preferred embodiments particularly 
well suited for heating ultrapure water, the inert tubing 
is a helical quartz coil. Elongated lamps are mounted 
inside the coil generally parallel to the coil axis. Reflec- 
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quartz comprising the coil is selected to transmit the FIG 13 is a nartial ton „ u *• 

bmp radiation efficiently to the fluid within the coil 5 including the FkTS ° f ' heatmg aSSemWy 

mos * « uart ? ™» efficiently transmit radiation FIG. 14 is a side view of an embodiment of the inven- 

SEf )T e - ength W 1116 ^ ge fr ° m about 0 5 herons tive system which includes a variation f£ heS 
to about 5 microns, most of the radiation emitted by the assembly shown in FIG. 13 S 
lamps wul preferably be infrared radiation having FIG. 15 is a block diagram of the electrical control 
wavelength within this range. * 10 circuitry of the FIG. 14 system 
to one preferred embodiment, a set of parallel, elon- FIG. 16 is a simplified perspective view of an ahem* 
mou *ted between a pair of end plate tive embodiment of the qWTtoil of Z invention 
assemblies. The lamp ends are supported by a thermally FIG. 17 is simplified cross-sectional view ofw em- 
conductive plate portion of each end plate assembly. bodiment of the invention employing the coil shownhi 
Chemically men tubing (which may be TEFLON tub- 15 HO. 16. 8 W 
uig) lines a spiral duct within the thermally conductive FIO. 18 is a side cross-sectional view of a portion of 
plate portion. Unhealed process fluid flowing through a flfth preferred embodiment of the inventivesystem 
Hie chemically inert tubing will absorb heat that has FIG. 19 is an end view of a portion of the FIG 18 
been radiated and conducted to the thermally conduc- assembly. 

tive plate portion from the lamps (thereby preventing 20 f 10 - 20 » a »dc cross-sectional view of a portion of 

the lamps and associated components from overheat- a sutth preferred embodiment of the inventive system 

ing). After performing this cooling function, the process ' hpta tt cn nceoi. t~™~. ~ 

fluid will enter an inlet in the quartz coil, and wul there- rareSSEc^ 

after be heated by radiation propagating from the lamps PREFERRED EMBODIMENTS 
through the quartz coil. The heated process fluid will 25 In FIG - *» annular quartz tube 12 is mounted around 

finally emerge from the quartz coil through an outlet md se Parated from, lamps 10. Each lamp 10 has an end 

In a variation on this embodiment, the thermally 14 su PP°rted by a plate assembly comprising inner lamp 

conductive lamp mount, and the lamps, are cooled by a mounting plate 30, center lamp mounting plate 32, and 

gas such as air or N 2 , instead of (or in addition to) un- out , er lamp mou nting plate 34. Lamp ends 14 are ther- 

heated process fluid. In alternative embodiments, the ? conductive, and mounting plates 30, 32, and 34 

quartz coil through which the process fluid flows has a "% the . nnaI1 y conductive. Preferably, plate 30 is highly 

shape more complicated than a simple helical shape reflective, so that it absorbs no more than an insignifi- 

For example, the quartz coil may comprise three coax- ^ amount of radiation from the lamps, 

ial portions: a large diameter helical portion adjacent a ,« "5 ass f mbIy , su PI>ort 36 «s fixedly attached to plate 

fluid inlet; a linear portion adjacent a fluid outlet; and a Together, the components 28, 30. 32, 34, and 36 

small diameter helical portion between the other two ^P™* * 'eft end assembly. An identical (or mirror 

portions. image) end assembly (not shown in FIG. 1, for simplic- 

It is contemplated that the invention may be em- Ity ) ? u PPorts the right end of tube 10 and lamps 10. 

ployed to heat liquids (such as ultrapure, deionized ^ .u P frame member 40 is fixedly attached between 

water) or gases (such as ultraclean N 2 , or the like) !Ij e , ^ C1 l d P lat e fssemblies (In FIG. 1, support 36 of 

__ ' tne left end assembly is shown fixedly attached to mem- 

BRIEF DESCRIPTION OF THE DRAWINGS be r +°>- Springs 42 are attached between support 36 of 

FIG. 1 is a partial side cross-sectional view of a first ^ '* \ f " d J assemb l y ^ the corresponding support of 

preferred embodiment of the inventive system * * ^P.^ end "sembly, ln order to press plate 30 against 

FIG. 2 is an elevational view of an end assembly material 28 (to be described below). In one 

support of the FIG. 1 system. embodiment, each spring 42 has a threaded end which 

FIG. 3 is an elevational view of an inner lamp mount- extends through a hole 42a in plate 36. Nut 42* is 

ing plate of the FIG. 1 system. threaded onto the threaded spring end to attach the 

FIG. 4 is an elevational view of a center lamp mount- 50 ^mSfilS^It^ ■ , 
ing plate of the FIG. 1 system. Electric s gnals for powering lamps 10 are supplied 

FIG. 5 is an elevational view of an outer lamp mount- temS^S iHT *f lamp J Cnds * 4 ! n Ration, 
ing plate of the FIG. 1 system mps 1° 11 enut radiation, and the radiation will prop- 

FIG.6isasidecross-sectionalviewofanendportion Sl^X^^S!^ S ^ annular 
of a second preferred embodiment of the inventive <s ^ fl . Uld withfa tube tt 

system. ™ mvennve 55 Reflector 16 (composed of radiation reflecting mate- 

FIG. 7 is a cross-sectional view of the outer olate of ZzJ^ ** w!* 1 foil ° r P.* 5 " 0 h Wra PPed around (or 
the FIG. 6 assembly, taken along l2e T^Tfa HO 6 ^^"^T" c ^ adri <? ^ the left 

HG. 8 is a crossiectional view ofthe inner rfai of and , n ? ht end surfaces, of annular tube 12. Thermally 
the FIG. 6 assemWy?SS , ataSTltoe 8-T£mS ? « 18 » « ound Sector 16. A 

FIG. 9 is a cro^sectiS Tvfew of an «d po^Sn of metal ? r P 01 ^ sheath < not shown > ™* * Phoned 
a third preferred embodE !tfd? SSffSE £cf U X ° h ° ,d 18 te 

^^i^SJ^^^^ 9 ^ rondUCtive serial 28 fills the 

^^sstassssi - S3==SSSSSSS 

i HG. 11B is an end view of the coil shown in FIG. plate 30. while accommodating 43KhS2vS3 

length of tube 12 (due to thermal expansion) without 
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cracking tube 12. The secondary function of material 28 
is to conduct excess heat from reflector 16 to plate 30. 

Any radiation propagating radially outward from 
surface 12a to reflector 16 (without having been ab- 
sorbed by fluid within tube 12) will be reflected radially 
inward from reflector 16 so as to propagate again 
through the fluid within tube 12. Reflector 16 (includ- 
ing the axial portion around tube 12*s outer cylindrical 
surface and the end portions adjacent material. 28) is 
cooled conductively by tube 12 and the process fluid 
flowing within tube 12. The end portions of reflector 16 
are also cooled by conduction of heat from such end 
portions, through material 28, and into plate 30. 

Unheated process fluid (which may be ultrapure, 
deionized water) enters coil 22 at inlet 20. Outlet 22a of 
coil 22 is connected to inlet 24 of tube 12 by a fitting not 
shown in FIG. 1, so that unheated process fluid may 
flow through coil 22 into tube 12. The process fluid will 
then flow within tube 12 toward tube 12's right end 
while it is heated by radiation from lamp 10, and the 
heated process fluid will emerge from tube 12 through 
outlet 26. The tubing connected to inlet 24 and outlet 26 
are preferably composed of TEFLON material. By 
controlling the flow rate of fluid within tube 12 or the 
power supplied to lamps 10 (or both), the system opera- 
tor can control the amount by which the fluid tempera- 
ture at outlet 26 will exceed the fluid temperature at 
inlet 24. 

Coil 22 is composed of chemically inert material such 
as Teflon. Unheated fluid flowing within coil 22 absorbs 
excess heat which has transferred to plates 30, 32, and 
34 (by radiation or conduction) from lamps 10, The 
unheated process fluid flowing within coil 22 is thus 
employed to cool lamps 10. 

Springs 42 compress material 28 between tube 12 and 35 
plate 30, in order to enhance the conductive flow of 
heat between tube 12 and plate 30, while accommodat- 
ing any changes in overall axial system length which 
may result from thermal expansion of the system com- 
ponents. 

FIG. 2 is an end view of end assembly support 36 of 
FIG. 1. Four holes 42a and four holes 42b extend 
through support 36. 

FIG. 3 is an end view of inner mounting plate 30 of 
FIG. 1, showing eight slots 31 extending therethrough. 
Each slot 31 receives one of lamp ends 14. Thus, the 
FIG. 1 system is capable of mounting up to eight lamps 
10. Each embodiment of the invention may include any 
number of lamps (i.e. t a "set" of one or more lamps). 

FIG. 4 is an end view of center mounting plate 32 of 50 
FIG. 1, showing eight slots 33 extending therethrough. 
Each slot 33 aligns with one of slots 31 in FIG. 3, for 
receiving one of lamp ends 14. 

FIG. 5 is an end view of outer mounting plate 34 of 
FIG. 1, showing eight slots 35 extending therethrough. 
Each slot 35 aligns with one of slots 33 in FIG. 4, for 
receiving one of lamp ends 14. Each hole 34a in plate 34 
aligns with one of holes 426 in support 36 (shown in 
FIG. 2), so that plate 34 may be attached to support 36 
by screws or bolts (not shown) extending through holes 
42b and 34a. Slot 37 in plate 34 is provided for receiving 
inlet 20, so that inlet 20 may extend through plate 34. 

FIG. 6 is a side cross-sectional view of a portion of a 
second preferred embodiment of an end assembly of the 
inventive system; The end assembly comprises outer 65 
aluminum plate 50 and inner aluminum plate 5L Inner 
plate has slots 54 extending through it, each slot for 
receiving the end of a radiating lamp. 
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FIG. 7 is a cross-sectional view of plate 50, taken 
along line 7—7 in FIG. 6, and FIG. 8 is a cross-sectional 
view of plate 51, taken along line 8—8 in FIG. 6. A 
spiral channel 526 is cut in one surface of plate 50, and 
matching spiral channel 52a is cut into the facing sur- 
face of plate 51. 

A set of holes 56 extend through plate 50. Plate 51 has 
holes 57 that align with holes 56 when plates 50 and 51 
are aligned as shown in FIG. 6. When so aligned, plates 
50 and 51 may be fastened together by clamping screws 
or bolts 58 (shown in FIG. 6, but not in FIGS. 7 and 8) 
extending through holes 56 and 57. 

When plates 50 and 51 are assembled together, chan- 
nels 52a and 52b form a spiral duct Before the plates are 
assembled together, a coil of chemically inert, thermally 
conductive tubing 53 (shown in FIG. 6, but not in 
FIGS. 7 and 8) in inserted in one of the channels 52a and 
52b. Tubing 53 is preferably composed of Teflon. Thus, 
when the plates are assembled together, tubing 53 will 
line the spiral duct When the plates are fastened to- 
gether (such as by tightening screws 58), the duct walls 
compress tubing 53 radially inward. Thus, when the 
invention is assembled, there will be good thermal 
contact between plates 50 and 51 and process fluid 
flowing within tubing 53. It may be desirable to fill any 
gaps between tubing 53 and the duct walls with silicone 
rubber or the like, to enhance the thermal conductivity 
of the assembled unit 

Either or both of tubing 53, and the duct formed by 
aligned channels 52a and 52b t may be non-circular. If 
tubing 53 is composed of flexible material such as Tef- 
lon, it will conform to the duct wall shape when com- 
pressed by plates 50 and 51. 

First end portion 55a of channel 52b extends com- 
pletely through plate 50, so that process fluid may be 
pumped into one end of tubing 53 through portion 55a. 
The other end of tubing 53 is positioned at second end 
portion 55b of channels 52a and 52b. Unheated process 
fluid flowing through tubing 53 (from end 55a to end 
55a) absorbs heat that has been transferred to plates 50 
and 51 from the lamps. 

FIG. 9 is a cross-sectional view of an end portion of 
another preferred embodiment of the invention. FIG. 
10 is a cross-sectional view of FIG. 9, taken along line 
A — A. The embodiment of FIGS. 9 and 10 is designed 
so that a first set of nine elongated lamps may be 
mounted in outer ring of slots 64 in portion 70, and a 
second set of nine elongated lamps may be mounted 
concentrically inside the first set in inner slots 66 of 
portion 70. It is contemplated that the longitudinal axis 
of each lamp will be substantially parallel to axis 71 
(shown in FIG. 10). Portion 70 of plate 60 has holes 72 
extending through it so that portion 70 may be attached 
to other end assembly components by screws or the 
like. Plate 60, including portion plate 70 will be com- 
posed of thermally conductive material. 

Plate 60 has holes 68 and 69 for attaching plate 60 to 
other system components by screws or the like extend- 
ing through such holes. Spiral channel 62 is cut into one 
face of plate, 60, and is dimensioned for receiving TEF- 
LON tubing (not shown). Unheated process fluid will 
enter the TEFLON tubing at end 62a of channel 62, and 
will then flow around channel 62 to outlet end 78 of the 
channel. The TEFLON tubing will be connected at 
outlet 78 to a quartz coil (such as that shown in FIGS. 
11A and 11B) positioned for receiving radiation emitted 
by the lamps. Thus, the process fluid will cool each 
lamp mounted in one of slots 64 and 66 by conducting 
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heat away from plates 60 and 70 (and the TEFLON 
tubing which lines channel 62 of plate 60). 

Quartz coil 90, shown in FIGS- 11 A and 11B, has an 
inlet end 92 and an outlet end 94. Process fluid may flow 
through coil 90 from end 92 to end 94. Coil 90 is suitable 5 
for positioning between any two of the end plate assem- 
blies described herein. For example, coil 90 may be 
substituted for annular tube 12 in the FIG. 1 embodi- 
ment 

FIG. 12 is an embodiment of the inventive end plate 10 
assembly, which is cooled by externally supplied gas as 
well as by unheated process fluid. The FIG. 12 assem- 
bly includes retaining ring 106 (having slots 108),, plate 

110 attached to ring 106 (having slots 108, and a spiral 
duct 112 lined with chemically inert tubing 111 through 15 
which process fluid may flow), and outer plate 116 
attached to plate 110. Each slot 108 is dimensioned for 
receiving a lamp such as lamp 100. Filament 101 extends 
within lamp 100, and electrical lead 102 emerges from 
an end of lamp 100. 20 

Reflecting surface 106a of plate 106 reduces the heat- 
ing of plate 106 by reflecting incident radiation from 
lamps 100. In order to cool the entire end plate assembly 
(including plates 106, 110, and 116), spiral channel 112 is 
cut in one surface of 110, and chemically inert tubing 25 

111 (such as TEFLON tubing) is inserted in channel 
112. Unheated process fluid flowing within tubing 111 
absorbs heat (by conduction) from surrounding plates 
110 and 116. 

To further cool the FIG. 12 end plate assembly, pres- 30 
surized gas flows into chamber 122 (in which the ends 
of lamps 100 extend) from nozzle assembly 114. Nozzle 
assembly 114 is mounted on support member 104, for 
example by screws 119. Member 104 is attached to plate 
116, for example by screws 117. The pressurized cool- 35 
ant gas, after absorbing heat as it circulates within 
chamber 122, will escape from chamber 122 by flowing 
past member 104. 

FIG. 13 is a top view of an embodiment of the inven- 
tive heating assembly which includes the FIG. 12 as- 40 
sembly. FIG. 14 is a side view of a system including a 
variation on heating assembly 180' shown in FIG. 13. 
The FIG. 14 heating assembly (assembly 180) differs 
from assembly 180' in FIG. 13 only in that power termi- 
nals 154 are attached to end plate assembly 174 in FIG. 45 
13, but are attached to the opposite end plate assembly 
(assembly 176) in FIG. 14. 

In FIGS. 13 and 14, process fluid heater assembly 180 
includes quartz coil 150 (wrapped with aluminum foil), 
quartz coil support member 152 attached above coil 50 
150, and a set of radiating lamps (not shown). Assembly 
180 is supported by end plate assemblies 174 and 176, 
cabinet 181, cabinet support member 220 within cabinet 
181, and bulkhead 181'. Feet 214 allow air to flow under 
cabinet 181. Air inlet vent 216 and air exhaust vent 216a 55 
in cabinet 181 provide ventilation. 

In operation, a thermally insulating blanket (not 
shown) will normally surround assembly 180. The blan- 
ket is preferably wrapped around assembly 180 after the 
quartz coil is mounted and all fluid lines have been 60 
connected together. Slots can be cut in the blanket for 
the fluid inlet and outlet lines. The fluid lines are prefer- 
ably connected together before the insulating blanket is 
wrapped around the heating assembly to prevent con- 
tamination of the fluid lines with insulation particles. 65 

Progress fluid from inlet line 160 is supplied through 
TEFLON lines 158 to end assembly tubing coils (such 
as tubing coil 111 shown in FIG. 12) within each of end 
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plate assemblies 174 and 176. After flowing around such 
end assembly tubing coils, the process fluid enters TEF- 
LON lines 159. Lines 159 are connected to the inlet 
ports of T-connector 161, and the output port of con- 
nector 161 is connected to flexible TEFLON line 161'. 
Line 161' supplies the combined process fluid flow to 
wrapped quartz coil 150. Heated process fluid emerges 
on flexible TEFLON outlet line 162' from wrapped 
quartz coil 150 within heater assembly 180. Line 162' is 
connected to the outlet end of the quartz coil by hose 
clamp 168. Line 162' is connected (by connection means 
at bulkhead 181') to outlet line 162. The function of 
flexible lines 161' and 162' is to reduce mechanical load- 
ing on the quartz coil. 

Coolant gas is supplied from lines 155 and 156 to end 
plate assemblies 174 and 176, respectively. The incom- 
ing flow of gas within line 156 is controlled by solenoid 
valve 196 and manually-operable regulator 194. In the 
same way, the flow of gas within line 155 may be con- 
trolled by a solenoid valve and regulator (not shown). 

Electric power (for example, 480 volt electric power) 
is supplied on cables 207, 208, and 209 (shown in FIG. 
14) to terminals 154. Each terminal 154 is in turn con- 
nected to a subset of the set of radiating lamps sur- 
rounded by coil 150 within assembly 180. Cables 207, 
208, and 209 are connected to power terminal 210, 
which is in turn connected to main power switch and 
heat sink assembly 212. Electric power (for example 480 
volt, 3 phase, 110 amp power) is supplied to assembly 
212 on cables 224. In response to an appropriate control 
signal on line 206 from circuit 228 (to be discussed in 
greater detail below with reference to FIG. 15), switch 
assembly 212 will vary the power to the radiating 
lamps. Assembly 212 and cabinet support member 220 
are grounded 1 by lines 222. 

Use of 480 volt power is desirable because it is more 
efficient than lower voltage power, and the associated 
wiring will be smaller and less expensive. Use of sub- 
stantially lower voltage power will likely require use of 
additional heating elements to increase (by a desired 
amount) the temperature of a given flow rate of process 
fluid. 

Each of cables 207, 208, and 209 will supply power to 
a different subset of the lamps. In variations on the 
embodiment shown, two or more heating assemblies, 
each identical to assembly 180, may be employed. An 
additional set of three cables (identical to cables 207, 
208, and 209) would supply the power for all the lamps 
in each additional heating assembly. In embodiments 
including two or more heating assemblies, the inlet 
process fluid flow on line 160 would be divided into 
substantially equal portions, with each portion being 
routed to a different one of the heating assemblies. 

The flow of process fluid within inlet line 160 is con- 
trolled by solenoid valve 197 and over-pressure valve 
202. Valve 202 directs the process fluid flow to ovec- 
pressure drain 204 when pressure in line 160 exceeds a 
selected amount, but otherwise does not impede the 
flow of fluid through line 160. Preferably, the process 
fluid inlet line 160 will run through a bulkhead fitting to 
minimize the mechanical load on Teflon tubing 158. 
Alternatively, T-connector 163 (which connects line 
160 with lines 158) will be supported by a bracket at- 
tached to a bulkhead or to either of the end plate assem- 
blies, in order to reduce the mechanical load on tubing 
158. 

Thermocouple 164 includes fast response foil encased 
in a laminate. Preferably, thermocouple 164 is encased 
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L^^fff.f immersed in the process fluid at ControUer circuit, available from Yokogawa Corpore- 
al^ tTl^ ^H qU 1? C ° U - A K1 thernu ^ fu «; ™ * » Atlanta. Ga.. is suitable for use as temperature 
attoched to each end plate assembly, preferably in a control circuit 228. Where three phase 480 volt power is 
poadon as close as pracucal to the quartz coil. Lines employed, switch 212 will preferably be a pb^se 
166 and 169 connect each fuse 170 into an over-temper- 5 solid state switching system P 

^y^lff^Z^S^ re$PCC - invention have low ther- 

tTre con^l Hr^r^ P . * mal inertia and rapid heat transfer rate, so that circuit 

^^SZZ^£SZS£££ 2 T^JT -P°- time, 
temperature control circuit 228wiU d^rmect the 10 • embodiments, a flow meter will be 

lamps from their powerTupplyTto p™«SrSe?«S- ««erted in process fluid inlet Une 160. If the flow meter 
ation emission from the lamps S^SSmSSSs P~PO"ionaJ (or otherwise related in a 

device may be attached to or near *e «5£TS£ '° ^ ^ l ° ^ mCOming 

quartz coil, if additional thermal override sensiL can* £ by a des,red temperature difference, the 

bility is desired. F , . f»° w meter output signal may be processed in comput- 

Cable 226 supplies 120 volt electric power to temper- in S mea ™ (which may comprise software or firmware) 
ature control circuit 228. within circuit 228 to generate control signals for con- 

F1G. 15 is a block diagram of the electrical control tr °i^ g am ? unt ,° f ?° wer su PP ,ied to the ^mps. 
circuitry of the system shown in FIG. 14. Temperature ^ } j? a ^P*""* 1 perspective view of an alterna- 
controller circuit 228 is connected to main power 20 ^ e em^unent of the quartz coil of the invention. In 
switch 212 by line 206. One or both of manually oper- ? e FIG ' 16 embodimen ^ the quartz coil has a large 
ated switch 218 and alarm light (or audio alarm device) diameter outer coil portion 270, a small diameter inner 
250 may be connected in series along line 206. In re- portion 272, and a central linear tube portion 274. 

sponse to a "start" signal supplied on line 246 to circuit Inner elo . n S ated Iam PS 276 are positioned parallel to 
228, circuit 228 will generate a control signal on line 206 25 mbe P 01 ^ 00 274 < at a first ra <*ial distance from portion 
causing the main power switch 212 to supply a particu- 274 * between portions 272 and 274. Outer elongated 
lar level of power to the radiating lamps (for example, 277 are positioned parallel to tube portion 274 (at 

through cables 207, 208, and 209 of FIG. 14). Circuit a stcond * larger, radial distance from portion 274) be- 
228 controls the level of power supplied by main power tween ^ portions 270 and 272. Process fluid enters 
switch 212 to the radiating lamps, by varying the con- 30 coiI P 01 ** 00 270, then flows through portion 272, and 
trol signal on line 206. then through portion 274, and finally exits the quartz 

Flow switch 200, heater level switch 172, fuse 170, coil at outlet end 275 of portion 274. 
and lines 254, 166, 169, and 206 are all connected in FIG - 17 » simplified cross-sectional view of an em- 
series with circuit 228 and switch 212. Switch 200 will bodiment of the invention employing the coil shown in 
open (thereby disconnecting power from the lamps) in 35 FIG * FIG - 17 » linear quartz tube portion 274 is sur- 
the event that the fluid flow rate through it falls below rounded by eight lamps 276. Lamps 276 are surrounded 
a selected value. Switch 172 will open (thereby discon- *>y i^er coil portion 272, and coil portion 272 is sur- 
necting power from the lamps) in the event that the rounded by lamps 277. Lamps 276 and 277 are posi- 
inventive system is tilted away from a horizontal orien- tioned in volume 279 (which will typically be filled with 
tation. 40 •")■ Sector 278 of volume 279 is not occupied by lamps. 

Feedback to circuit 228 from the thermocouple 164 Co"" portion 270 surrounds lamps 277. Reflecting foil 
(on line 167) will cause circuit 228 to vary continuously 280 surrounds coil portion 270, and thermal insulation 
the power to the lamps, as required to maintain a de- 282 surrounds foil 280. Housing 281 surrounds insula- 
sired temperature at thermocouple 164 (shown in phan- tion 282. 

torn view in FIG. 15). 45 FIG. 18 is a side cross-sectional view of an end por- 

Circuit 228 will also generate control signals on lines tion of a fifth preferred embodiment of the inventive 
182 and 183, for process fluid inlet solenoid valve 197 system. In- FIG. 18, the process fluid flows through 
and coolant gas solenoid valve 196, respectively. Such annular quartz tube 404. Tube 404 has an inner cylindri- 
control signals will cause solenoid valves 197 and 196, cal surface 406, which surrounds lamps 402. Reflecting 
respectively, to allow or prevent the flow of process 50 foil 408 surrounds the outer cylindrical surface of tube 
fluid and coolant gas therethrough. Preferably, process 404, and thermal insulation 410 is wrapped around foil 
fluid will flow into heating assembly 180 at a minimum 408. The left end of tube 404 is attached by thermally 
flow rate (i.e., one gallon per minute) at all times when insulating material 412 to end plate 400. Ventilation 
electric power is supplied to the lamps, in order to sup- passage 416 extends through plate 400. 
ply sufficient fluid coolant to the end plate assemblies to 55 Ends 422 of lamps 402 are mounted in cylindrical 
prevent meltdown of the heating assembly. plug 420. An electrical lead 414 extends from each lamp 

It is contemplated that the opening of switch 218 (for 402 through both plug 420 and plate 400. Plug 420 is 
example, manually, by a system operator) will not only machined from thermally conductive, reflective mate- 
cause switch 212 to disconnect power to the lamps, but rial such as aluminum, and is fixedly attached to plate 
will also activate alarm 250. 60 400 (for example, by screws). Outer cylindrical surface 

Circuit 212 will preferably be designed so that any 421 of plug 420 is in contact with the inner surface 406 
waste heat resulting from power dissipation therein will of quartz tube 404. Thus, heat may diffuse from lamp 
escape into the ambient air. ends 422, through plug 420 and surface 406, to the pro- 

One of ordinary skill in the art of electric control cess fluid flowing within tube 404 
circuit design will be able to design circuit 228 and 65 FIG. 19 is an end view of plate 400 Eight slots 413 
switch 212 as a matter of routine engineering design extend through plate 400, so that up to eight lamps may 
™ J C £ Alt f aa ^ v ^ commercially available circuits be mounted in plug 420, each with its lead 414 extending 
may be employed. For example, a Model UT40 Process through one of slots 413 as shown 
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FIG. 20 shows another preferred embodiment of the 
invention, having a gas-cooled end plate assembly 
(which includes end plate 320). The end plate assembly 
of FIG. 20 difTers from the assembly described with 
reference to FIG. 12, in that the FIG. 20 assembly does 5 
not include a spiral channel for mounting process fluid 
tubing. In FIG. 20, end plates 300 and 320 are fixedly 
attached to opposite ends of cylindrical frame 314. 
Plates 300 and 320, and frame 314 are preferably alumi- 
num or copper. Plates 300 and 320 support a set of 10 
elongated radiating lamps (not shown). A first end of 
each radiating lamp is mounted in one of slots 302 of 
plate 300, and the other end of such lamp is mounted in 
one of slots 322 of plate 320. 

Process fluid flows through quartz coil 311 from left 15 
inlet 312 adjacent plate 300 (and a right inlet, not shown 
adjacent plate 320) to central outlet 313. As it flows 
through coil 311, the process fluid is heated by radiation 
absorbed from the lamps. Inner surface 303 of plate 300 
and inner surface 323 of plate 320 are highly reflective 20 
of the lamp radiation. Reflecting foil 306 is wrapped 
around the radially outer surface of coil 311, to direct 
outward propagating lamp radiation back (radially in- 
ward) toward the axis of the coil. Optionally, a silicone 
rubber layer 308 is applied between foil 306 and frame 25 
314 to eliminate gaps therebetween. Thermally insulat- 
ing material 316 is wrapped around frame 314. 

Heat generated in end plates 300 and 320 due to radi- 
ant flux from the lamps will dissipate by diffusing radi- 
ally outward through the end plates to cylindrical shell 30 
314. When the temperature of shell 314 rises above the 
temperature of rubber gap filler 308 and foil 306 (and 
the portion of tubing 311 adjacent foil 306), heat will 
diffuse from shell 314 to the process fluid within tubing 
311. The inner surface of shell 314, and optionally also 35 
end plate surfaces 303 and 323, are preferably milled to 
mate with the profile of coil 311, to improve heat trans- 
fer to and from shell 314. 

In order to cool end plate 320 (and hence each lamp 
attached thereto), nozzle 318 directs flowing gas from 40 
an external source (not shown) into chamber 324 adja- 
cent plate 320. Nozzle 318 is mounted on plate 319, and 
plate 319 is attached to insulating material 316. The gas 
(preferably nitrogen or clean dry air) will help to cool 
plate 320 (and each lamp end attached thereto) by con- 45 
vective heat transfer. 

The lamps employed in the inventive system will emit 
electromagnetic radiation of infrared or longer wave- 
length (and optionally, other radiation as well). Most of 
the emitted radiation will preferably lie within a wave- 50 
length range selected for efficient absorption by the 
process fluid, and for efficient transmission through the 
inert tubing (which may be quartz) which contains the 
process fluid. 

For example, where the process fluid flows through a 55 
quartz coil of the well known variety which efficiently 
transmits radiation having wavelength in the range 
from about 0.5 microns to about 5 microns, most of the 
radiation emitted by the lamps will preferably be infra- 
red radiation having wavelength within this range. 60 

Various modifications and alterations in the structure 
and method of operation of this invention will be appar- 
ent to those skilled in the art without departing from the 
scope and spirit of this invention. Although the inven- 
tion has been described in connection with specific 65 
preferred embodiments, it should be understood that the 
invention as claimed should not be unduly limited to 
such specific embodiments. 
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What is claimed is: 

1. A system for heating a process fluid, including: 
a housing; 

a set of lamps mounted within the housing, for emit- 
ting radiation having a wavelength at least as long 
as infrared radiation; and 
chemically inert tubing mounted within the housing 
in a position separated from the lamps, for contain- 
ing the process fluid while the process fluid absorbs 
radiation from the lamps, wherein the tubing has a 
longitudinal axis, and wherein the lamps are elon- 
gated and mounted generally parallel to the longi- 
tudinal axis; and 
reflective material wrapped around the tubing in such 
a position that radiation from the lamps that has 
propagated through the tubing in a direction away 
from the longitudinal axis will reflect from the 
reflective material back into the tubing toward the 
longitudinal axis. 

2. A system for heating a process fluid, including: 
a housing; 

a set of lamps mounted within the housing, for emit- 
ting radiation having a wavelength at least as long 
as infrared radiation; and 

chemically inert tubing mounted within the housing 
in a position separated from the lamps, for contain- 
ing the process fluid while the process fluid absorbs 
radiation from the lamps, wherein the housing 
includes an end assembly having a spiral duct ex- 
tending therethrough, each of the lamps has an end 
mounted in the end assembly, a chemically inert 
liner is positioned within the spiral duct, and the 
liner has a first end connected in fluid communica- 
tion with the chemically inert tubing so that un- 
heated process fluid flowing through the liner will 
absorb heat conducted from the lamp ends to the 
end assembly. 

3. The system of claim 2, wherein the liner is a tube 
composed of polytetratfluoroethylene material. 

4. A system for heating a process fluid, including: 
a housing; 

a set lamps mounted within the housing, for emitting 
radiation having a wavelength at least as long as 
infrared radiation; and 

chemically inert tubing mounted within the housing 
in a position separated from the lamps, for contain- 
ing the process fluid while the process fluid absorbs 
radiation from the lamps, wherein the housing 
includes an end assembly, each of the lamps has an 
end mounted in the end assembly, and the end 
assembly includes a gas nozzles through which 
pressurized coolant gas may flow into.the housing 
in order to cool the lamps, and wherein the end 
assembly includes: 

a plate through which the duct extends; and 
a chemically inert liner positioned within the duct, 
the liner having a first end connected in fluid 
. communication with the chemically inert tubing 
so that unheated process fluid flowing through 
the liner will absorb heat conducted from the 
lamps to the end assembly. 
5. A fluid heating system, including: 
a first end assembly, including a first end plate, 
wherein a duct extends through the first end plate; 
a second end assembly, including a second end plate; 
a set of lamps, each of the lamps having a first end 
attached to the first end plate and a second end 
attached to the second end plate, wherein each of 


the lamps emits radiation having infrared or longer 
wavelength; 

chemically inert tubing having a first end attached to 
the first end plate and a second end attached to the 
second end plate, wherein said tubing is positioned 5 
adjacent to but separated from the lamps, and 
wherein the tubing is dimensioned to contain pro- 
cess fluid so that the process fluid may flow 
through the tubing while absorbing radiation from 
the lamps; 10 
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radiation reflecting material surrounding the tubing, 
for reflecting back into the tubing radiation that has 
propagated through the tubing from the lamps; and 

a thermally conductive, chemically inert liner posi- 
tioned within the duct, the liner having a first end 
connected in fluid communication with the tubing 
so that unheated process fluid flowing through the 
liner will absorb heat from the First end plate before 
entering the tubing. 

* • • * * 
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